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— , inhibition by EDTA 732 
- , receptors 656 
— , tissue 656 
, malignant 656 
cancer 
- , polyamines 6 9 8 
— , urine 698 
cancer therapy 
- , monitoring 7 6 3 
Carbamazepin 
serum 227 
— , determinat ion 227 
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tion 676 
- , determination 679 
- , fractionation 678 
creatinine 
- , clearance 423 
— , variation 423 
- , physical exercise 651 
- , serum 423 
— , variation 423 
- , true 385 
— , serum 385 
— , urine 385 
- , urine 4 2 3 , 705 
— , variation 423 
curve-fitting methods 105, 
197 
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- , and sex-hormone binding 
globulin 730 
2,4-dinitrophenol 
- , enzyme release 674 
— , by rat heart 674 
disc electrophoresis 
- , proteins 53 
— , urine 53 
, value, diagnostic 53 
diurnal variation see also 
variation 
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, by Ca2 +-paradox 674 
, by digitonin 674 
, by 2,4-dinitrophenol 
674 
nemo- see haemoT 
heparin 
- , action 710 
- , plasma 658 
— , determination 658 
, clinical relevance 658 
hepatic fibrosis 921 
hereditary angioneurotic edema 
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, and physical exercise 
708 
- , magnesium metabolism 257 
- , metabolic activity 901 
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- , cells 3 7 7 , 6 5 5 , 6 9 0 
— , ATP 690 
, and cytotoxic sub-
stances 690 
— , glucocorticoid receptors 
655 
— , lectin receptors 377 
- , serum 716 
— , folate binding 716 
leukocytes 
- , cerebrospinal fluid 7 
- , counting 691 
^d i f fe ren t ia t ion 647, 6 9 1 , 
692 
- , elastase 699 
- , reference values 621 
lipids 
- , metabolism 708 
- - , in insulin deficiency 708 
, and physical exercise 
708 
lipoprotein lipase 753 
lipoprotein X 
- , catabolism 754 
lipoproteins see also HDL, 
LDL, VLDL 
- , carbohydrate content 752 
- , and dialysis 751 
- , method comparison 753 
- , physical exercise 652 
- , serum 749 
— , coronary heart disease 
749 
/Mipotropin 
- , preparation 736 
- , determination 736 
lithium 
- , therapy 867 
- - , depressive patients 867 
liver 
- , carbon tetrachloride poi-
soning 111 
- , cell injury 684 
- - , proteoglycan synthesis 
684 
- , cirrhosis 137, 717 
— , corticosteroid binding 
globulin 137 
— , immune complex-like 
material 717 
— , sex hormone binding 
globulin 137 
- , chronic diseases 737 
- - , sex hormones 737 
- - , thyroid hormones 737 
- , diseases 893 
— , fibronectin 893 
fibrosis 921 
— , and monoamine oxidase 
921 
, serum 921 
- , foetal 748 
— , adenylate cyclase 748 
, and chorionic gonado-
tropin 748 
-, 7-glutamyltransferase 237 
- - , and ethanol 237 
- , glycosaminoglycans 279 
- , injury 111, 279 
- - , proteins 111 
, ribosomal 111 
— , r a t 279 
- , magnesium 257 
logit transformation 105 
lung 
- , diseases 13 
—, a i -antitrypsin 13 
- , maturity 749 
lymph nodes 
- , magnesium 257 
lymphocytes 
- , membrane 377 
— , glycoproteins 377 
lysozyme 694 
macro creatine kinase 677, 678 
a2-macroglobulin 
- , chromogenic assay 671 
- , plasma 221 
— , determination 221 
- , serum 67 
- - , Dyggve-Melchior-Oausen 
syndrome 67 
- , serum/CSF gradient 671 
magnesium 
- , analysis 257 
- , biochemical functions 257 
- , distribution 257 
— , extra-/intracellular 257 
— , hormonal regulation 257 
— , organelles 257 
- , excretion 257 
- , human body 257 
magnesium 
- , organs 257 
- , physico-chemical state 257 
— , extra-/intraceliular 257 
- - , organelles 257 
- , plasma 257 
- , resorption 257 
- , serum 257 




- , determination 685 
— , kidney preparat ion 685 
— , urine 685 
mammary carcinoma 
- , oestrogen receptors 653 
mammary gland 
- , lectin receptors 384 
malnutri t ion 
- , protein 287 
— , collagen metabol i tes 287 
, urine 287 
mass spect rometry 
- , steroid epoxides 937 
mast cell degranulating peptide 
- , membrane interact ion 723 
matrix effects 




- , reference values 621 
MCHC 
- , reference values 621 
MCV 
reference values 621 
mechanical oscillator technique 
- , density 233 
— , measurement of 233 
mechanization 
- , definition 455 
- , enzyme immunoassay 197 
medroxyprogesterone 
- , receptor binding 729 
melanoma 
- , steroid binding 724 
melatonin 
- , synchronization of cell 
function 763 
m e l i t t i n 7 2 3 
membrane 
- , interaction 723 
— , of mast cell degranulating 
peptide 723 
meningitis purulenta 
- , lactate 746 
— , cerebrospinal fluid 746 
mercury 
- , determination 714 
— , atomic absorpt ion 
spectrometry 714 
metabolism 
- , physical exercise 651 
metanephrine 
- , thin-layer chromatography 
413 
methionine adenosy t r ans -
ferase 
- , schizophrenia 763 
method comparison 
- , amylase isoenzymes 681 
- , blood alcohol 721 
- , cholesterol 595 , 752 
IgE 145 
- , iron 147, 714 
- , lipoproteins 753 
- , oestrogens 731 
- , phosphatase, acid 681 
method comparison 
protein, total 697 
statistical problems 433 
- , thyrotropin 807 
— , radioimmunoassay 807 
- , uric acid 702 
method dependence 
- , assigned values 461 
precision 461 
method description 78 
methotrexate 
- , serum 169 




- , urine 579 
— , gas chromatography 579 
3-methoxytyramine 
- , thin-layer chromato-
graphy 413 
Nl-methyl adenosine 
- , urine 696 
— , determination 696 
methylation 
- , enzymatic 413 
— , catecholamines 413 
N7-methyl guanosine 
- , urine 696 
— , determination 696 
3N-methylhistidine 
- , urine 756 
— , and muscle catabolism 
756 
5-methyltetrahydrofolate 
- , binding 715 
- - , to cow's milk protein 715 
methyltrienolone 
- , receptor binding 729 
Michaelis constant 
- , CI esterase 17 
mitochondria 
creatine kinase 679 
monoamine oxidase 
- , determination 921 
— , serum 921 
, in hepatic fibrosis 921 
- , inhibition 921 
— , by 0-aminopropionitrile 
921 
- , schizophrenia 763 
morbus Crohn 





- , catabolism 755 
— , 3N-methyihistidine 755 
, urine 755 
- , magnesium 257 
myelin basic protein 
- , enzyme immunoassay 345 
myocardial infarction 
- , creatine kinase-MB 676 




- , coupling 603 
— , with fast red TR 603 
neonates 
- , bilirubin 27 
— , serum 27 
, survey report 27 
- , calcitonin 747 
parathyrin 747 
neoplastic cells 
- , glycoconjugate-associated 
antigens 716 
— , and monoclonal cold 
agglutinins 716 
nephelometry 
- , laser 221 
—, Q!2 _ a n t i p l a s m i n 221 
— , anti thrombin III 221 
— , a2-macroglobulin 221 
- , proteins 123, 245 
— , cerebrospinal fluid 123, 
245 
nephrotic syndrome 381 
neuraminidase 
- , kidney lesion 378 
neurophysins 
- , preparation 736 
neurosyphilis 
- I g G 7 1 7 
neutron activation analysis 
—, aluminium 403 
- , phosphorus 403 
nickel 
- , inhibitor 781 




plasma 367, 413 
— , exercise 367 




- , sex hormone binding 
globulin 137 
normetanephrine 
- , thin-layer chromato-
graphy 413 
nucleic acids 
- , metabolism 901 
— , glomerula 901 
5'-nucleotidase 
inhibitors 781 
- , spectrophotometric assay 
781 
- , serum 333 
— , AutoAnalyzer II 333 
oestradiol 
- , and sex-hormone binding 
globulin 730 
oestradiol-170 




- , pregnancy 748 
oestrogens 
binding 724 
— , melanoma 724 
- , enzyme immunoassay 735 
- , receptor 653 , 728 
— , capacity modulat ion 728 
, by phosphatidyl choline 
728 
— , melanoma 653 
- , serum 327 
— , total 327 
, enzyme immunoassay 
327 
urine 731 
— , method comparison 731 
oligosaccharides 
- , affinity chromatography 381 
- , separation 381 
organization 
- , laboratory 455 
organ preservation 
- , heavy water 747 
organs 
- , alcohol dehydrogenase 699 
- , aldehyde dehydrogenase 
699 
ornithine transcarbamylase 
- , deficiency 293 
orotic acid 
- , urine 293 
— , determination 293 
oscillator technique 
- , density measurement 615 
osmolality 829 
osmotic concentrat ion 829 
outliers 
- , recognition 4 3 3 
oxygen 
- , dissociation curves 689 
— , determination 689 
- , half saturation pressure 
690 
— , determination 690 
- , partial pressure 829 
palmitic acid 
- , free 193 
— , in bile 193 
pancreas 
- , diseases 763 
— , trypsin 763 
- , function test 551 
— , oral 551 
, N-benzoyl-L-tyrosyl-p-
aminobenzoic acid 551 
, and renal function 551 
pancreatectomy 
- , and somatotropin release 
708 
— , physical exercise 708 
paracetamol 
- , copper excretion 713 
- , zinc excretion 713 
parathyrin 
- , adsorption on surfaces 595 
- , assay 664 
- , localization 739 
— , immunohistochemical 
739 
- , magnesium metabolism 257 
radioimmunoassay 739, 
789 
— , homologous 789 
— , influence of the tracer 
739 
- , serum 747 
— , neonates 747 
— , pregnancy 747 
particle counting immuno-
assay 
- , proteins 701 
- , thyroxine 701 
PCV 
- , reference values 621 
penicillamine 
- , copper excretion 713 
- , zinc excretion 713 
pepsinogens 
- , serum 688 , 700 
— , radioimmunoassay 688, 
700 
peptide hormones 
- , reversed-phase chromato-
graphy 731 
peptides 
- , bee venom 723 
— , and granulocyte migra-
tion 723 
perfusion 
- , placenta 747 
— , dehydroepiandrosterone 
metabolism 747 
peroxidase 
- , assay 345 
— , enzyme immunosorbent 
assay 345 
pH 829 
phage test 1 
Phenazone 
- , plasma 817 
— , gas chromatography 817 
phenobarbital 
- , serum 227 
— , determination 227 
phenylalanine 
- , metabolism 755 
— , pregnancy 755 
phenylketonuria 755 
phenylpyruvic acid 
- , blood 755 
Phenytoin 
- , serum 227 
— , determination 227 
phosphatase, acid 
- , determination 603 
— , continuous 603 
- , prostate 669 , 6 8 1 , 682 
— , method comparison 681 
- , prostate carcinoma 297 
- , prostatic 627 
— , determination 627 
phosphatase, alkaline 
- , stabilization 6 9 8 
phosphatidyl choline 
- , oestrogen receptor 728 




— , serum 750 
phosphorus 
- , bone biopsy 4 0 3 
- - , neutron activation 
analysis 403 
phosphorylation 
- , proteins 111 
— , carbon tetrachloride 
poisoning 111 
physical chemistry 
- , quantities and units 829 
pineal gland 
- , synchronization of cell func-
tion 763 
placenta 
- , aminopeptidases 631 
- , cystine aminopeptidase 631 
- , dehydroepiandrosterone 
metabolism 747 
- , proteins 821 
placental lactogen 748 
- , enzyme immunoassay 735 
plasma see also blood, serum 
- , adrenal steroid hormones 
740 
— , circadian variation 740 
— , episodic variation 740 
- , 5-androsten-3/3, 17/3-diol 
117 
-, <*2-antiplasmin 221 
- , antipyrine® 817 
— , gas chromatography 
817 
- , ant i thrombin III 221 
- , bupivacaine 351 
- , cAMP 909 
— , after glycagon 909 
plasma see also blood, serum 
- , catecholamines 4 1 3 , 431 
- - , conjugated 431 
— , determination 413 
, radioenzymatic 413 
- , colloid osmotic pressure 
233 
- , corticotropin 740 
— , circadian variation 740 
— , episodic variation 740 
- , Cortisol 740 
— , diurnal variation 740 
- , C-peptide 313 
- , C-reactive protein 701 
dehydroepiandrosterone 
117 
- , density 615 
— , and haemolysis 615 
- , dopamine 367 
- , enzymes 89 
— , IFCC methods 89 
- , epinephrine 367 
- , fibronectin 797, 893 
— , liver diseases 893 
-, 7-glutamyltransferase 237 
— , and ethanol 237 
HDL-cholesterol 737 
— , and thyroid state 737 
- , heparin 658 
— , clinical relevance 658 
— , determination 658 
- , insulin 313 
- , iron 714 
— , method comparison 714 
a2-macroglobulin 221 
- , magnesium 257 
- , norepinephrine 367 
- , peptide hormones 731 
— , separation 731 
- , Phenazone 817 
- - , gas chromatography 817 
- , polyamines 157 
- , proinsulin 313 
- , protein 744 
— , variation 744 
- , proteins 615 
— , determination 615 
, oscillator technique 615 
- , renin 367 
- , 0-thromboglobulin 656 
— , clinical significance 656 
— , determination 656 
platelets 
- , adenosine nucleotides 712 
- , reference values 621 
- , tetrahydro-0-carboline 133 
- , te t rahydronorharmane 133 
- , thromboxane synthesis 708 
— , inhibition 708 
, by N-acetyl neuraminic 
acid 708 
plausibility 
- , intervals 694 
— , age 694 
— , sex 694 
plexus chorioideus 
- , lectin receptors 380 
podocytes 
glomerular 381 
— , and lectins 381 
Polyacrylamide gel electro-
phoresis 
- , sample preparation 23 
polyamines 
- , plasma 157 
— , determination 157 
- , urine 157, 698 
— , cancer patients 698 
— , determination 157 
polyarthritis, chronic 
- , N-acetylglucosaminidase 
53 
— , urine 53 
- , proteins 53 
— , urine 53 
, diselectrophoresis 53 
potassium 
- , urine 703 
practicability 78 
prealbumin 
- , cerebrospinal fluid 7, 245, 
746 
— , determination 245 
precision 69, 78, 433 
- , matrix effects 461 
- , method comparison 461 
prednisone 
- , leukemia t reatment 690 
— , ATP 690 
pregnancy 
- , calcitonin 747 
- , complications therapy 748 
— , and oestriol 748 
- - , and placental lactogen 
748 
- - , and progesterone 748 
- , parathyrin 747 
- , phenylalanine 755 
— , metabolism 755 
- , progesterone 355 
— , urine 355 
pregnancy monitoring 
- , pregnancy-specific ^ -g lyco -
protein 701 
pregnancy specific ßi-globulin 
821 
pregnancy-specific ß i -glyco-
protein 
- , enzyme immunoassay 701 
- , radioimmunoassay 701 
- , pregnancy monitoring 701 
--, tumour marker 701 
pressure 
- , colloid osmotic 233 
- , partial 829 
— , carbon dioxide 829 
- - , oxygen 829 
primidone 
- , serum 227 
— , determination 227 
processor 
- , specifications 947 
progesterone 
- , pregnancy 748 
- , radioimmunoassay 734 
- , urine 355 
— , determination 355 
progestine 
- , binding 724 
— , melanoma 724 
proinsulin 
- , plasma 313 
- , urine 313 
prolactin 
- , serum 867 
— , after insulin 867 
- - , after thyroliberin 867 
promegestone 
- , receptor binding 729 
prostate 
- , carcinoma 297 
— , phosphatase, acid 297 
- , phosphatase, acid 627, 669, 
6 8 1 , 6 8 2 
— , determination 627 , 6 8 1 , 
682 
, with indoxylphosphate 
682 
protease 
- , inhibitors 671 
— , in endotaxaemia 671 
proteases 
- , amniotic fluid 749 
protein 
- , cow's milk 715 
— , folate binding 715 
— , 5-methyltetrahydrofolate 
binding 715 
- , determination 501 
— , immunoturbidimetry 
501 
- , interleukin-2 inducing 716 
— , serum 716 
- , leukaemia serum 716 
— , folate binding 716 
- , malnutri t ion 287 
- , metabolism 901 
— , glomerula 901 
- , plasma 744 
— , variation 744 
- , synthesis 111 
— , liver 111 
, after carbon tetra-
chloride 111 
- , total 687, 696 , 697 
— , determination 696, 697 
, method comparison 697 
— , fenoterol 687 
— , verapamil 687 
protein-A 
- , IgG binding 677 
- , macro enzyme binding 677 
protein binding 
- , clobazepam 209 
protein pattern 
- , cerebrospinal fluid 23 
— , and sample preparation 23 
proteins 
- , cerebrospinal fluid 123 
— , nephelometry 123 
- , lectin binding 382 
- , placental 821 
- , plasma 615 
— , determination 615 
, oscillator technique 615 
- , stabilization 684 
— , by heavy water 684 
- , urine 53 
- - , disc electrophoresis 53 
, value, diagnostic 53 
proteoglycans 
- , synthesis 684 
— , in liver cell injury 684 
pseudoCholinesterase 
- , and HDL-cholesterol 684 
purines 
- , metabolism 754 
—, Lesch-Nyhan syndrome 
754 
putrescine 
- , determination 157 
quality 
- , requirements 861 
— , health care 861 
quality control 855, 861 
- , assessment of methods 78 
- , biotransformation enzymes 
775 
- , haematology 649 
- , internal 535 
- , principles 69, 78 
- , radioimmunoassay 215 
- , survey, external 183, 511 
— , Cortisol 183 
— , thyroxine 511 
— , tr i iodothyronine 511 
quality control 





— , hair root cells 672 
radioimmunoassay 
- , aldosterone 742 
- , 5-androsten-3/3, 170-diol 117 
- , anti-Factor VIII clotting 
activity 711 
- , apolipoprotein A-I 917 
- , apolipoprotein A-II 917 
- , cAMP 732 
— , inhibition by EDTA 732 
- , chenodeoxycholic acid 491 
- , cholic acid 491 
- , confidence intervals 879 
- , creatine kinase-B 678, 679 
- , data 660 
— , computer processing 660 
- , dehydroepiandrosterone 
1 1 7 , 7 4 1 
- , evaluation 215 , 879 
- , Factor VTII-related antigen 
711 
- , F-CB3 711 
- , fibrinopeptide-A 711 
- , homologous 7 8 9 
— , parathyrin 789 
- , 18-hydroxycorticosterone 742 
- , kallikrein 395 
- , magnetic solid-phase 706 
- , pepsinogens 6 8 8 
- , phosphatase, acid 6 8 1 , 682 
- , pregnancy-specific ß\-glyco-
protein 701 
- , progesterone 734 
- , quality control 215 
--, parathyrin 739 
— , influence of the tracer 739 
- , solid phase 585 
— , parathyrin 585 
- , somatostatin 734 
- , standard curve 105 
- - , calculation 105 
- , standardization 659 
- , testosterone 741 
- , thyrotropin 807 
- - , method comparison 807 
- , thyroxine 5 7 1 , 700 
— , separation system 700 




- , somatostatin 734 
rapid tests 
- , CSF diagnosis 7 
— , sensitivity 7 
rat 
- , glycosaminoglycans 279 
— , liver 279 
— , serum 279 
RBC 
—, reference values 621 
receptors 
- , cAMP 656 
- - , tissue 656 
, malignant 656 
- , glucocorticoid 655 
— , leukaemia cells 655 
- , oestrogen 653 , 7 2 8 
— , capacity modulat ion 728 
, by phosphat idyl 
choline 728 
— , mammary carcinoma 653 
receptors 
steroid 654, 725, 726, 727, 
728 , 729 
— , determination 725, 726, 
727, 728 , 729 
— , endometr ium 654 
— , stability 726 
- , studies 653 
— , principles 653 
reference material 
- , coagulation 744 
reference range 
- , glucose 745 
— , bivariate 745 
, CSF/Serum 745 
reference values 
- , aluminium 591 
— , serum 591 
- , children 713 
— , c o p p e r 713 
, serum 713 
, urine 713 
— , zinc 713 
, serum 713 
, urine 713 
haematology 621 
- , lactate dehydrogenase 305 
— , age dependency 305 
reliability 
- , criteria 197 
— , enzyme immunoassay 197 
renal damage 
- , tubular 53 
— , N-acetylglucosaminidase 
53 
, urine 53 
— , disc electrophoresis 53 
, urine proteins 53 
renin 
- , plasma 367 
— , exercise 367 
renin-angiotcnsin-aldosterone 
system 
- , fenoterol 687 
verapamil 687 
resorption 
- , magnesium 257 
reversed-phase chromato-
graphy 
- , peptide hormones 731 
ribosomes 
- , proteins 111 
— , in liver injury 111 
rifampicin 
- , and Cortisol 897 
— , blood 897 
of men 897 
- , and testosterone 897 
— , blood 897 
, of men 897 
risk populat ions 
- , identification 763 
— , enzyme tests 763 
sample 
- , preparat ion 23 
— , Polyacrylamide gel electro-
phoresis 23 
—, processor 692 
sampling 
- , specifications 947 




„Schneller Block11 693 
scintigraphy 
- , immune 821 
scoliosis 
- , in children 672 
- - , glycosaminoglycans 672 
screening 
- , cystinuria 303 
- , hypothyroidism 755, 807 
— , congenital 7 5 5 , 807 
seminal plasma 
- , fibronectin 797 
septicaemia 
- , immune complex-like 
material 717 
serotonin 
- , synchronization of cell 
function 763 
serum see also blood, plasma 
- , albumin 96 
— , standard 96 
- , aluminium 591 
- - , emission spectral 
analysis 591 
- , antiepileptics 720 
— , enzyme immunoassay 
720 
— , gas chromatography 720 
- , bilirubin, total 27 
— , neonates 27 
, survey report 27 
- , carbamazepine 227 
- , carcinoembryonic antigen 
175 
- , calcitonin 747 
— , neonates 747 
— , pregnancy 747 
- , cefotaxime 719 
- , chenodeoxycholic acid 
491 
- , cholesterol 752 
choiic acid 491 
clobazepam 209 
copper 712, 713 
- - , determination 712 
-, reference values 713 
, children 713 
corticosteroid binding 
globulin 137 
- , Cortisol 183, 867 
— , after insulin 867 
— , quality control survey 
183 
— , after thyroliberin 876 
- , creatine kinase 675 , 676, 
679 
—, Duchenne muscular 
dystrophy 675 
- - , isoenzymes 676, 679 
, acute myocardial 
infarction 676 
, acute craniocerebral 
damage 676 
- , creatinine 385, 423 
— , determination 385 
— , variation 423 
- , deacetylcefotaxime 719 
- , delipidation 917 
— , high density lipoproteins 
917 
— , apolipoproteins 917 
- , enzymes 89 
— , IFCC methods 89 
- , ethanol 722 
— , microdetermination 
722 
- , ethosuximide 339 
— , gas chromatography 
339 
fucosyltransferase 670 
— , tumour therapy moni-
toring 670 
serum see also blood, plasma 
- , glucose 49, 867 
— , after insulin 867 
— , after thyroliberin 867 
— , kinetic determinat ion 49 
, hexokinase method 49 
- , glycosaminoglycans 279 
IgE 145 
- , immunoglobulines 718 
— , determination 718 
- , iron 147 
lipoproteins 749 , 752 , 753 
— , coronary heart disease 749 
- , <*2-macroglobulin 67 , 671 
—, Dyggve-Melch ior- Clau sen 
syndrome 67 
- , magnesium 257 
- , methotrexate 169 
- - , enzyme immunoassay 169 
- , monoamine oxidase 921 
— , in hepatic fibrosis 921 
- , 5'-nucleotidase 333 
- , oestrogens 327 
- , parathyrin 747 
— , neonates 747 
— , pregnancy 747 
- , pepsinogens 6 8 8 , 700 
— , kidney transplantation 
688 
- , phenobarbital 227 
- , phenytoin 227 
- , phospholipids 705 
— , unsaturated 750 
- , primidone 227 
- , prolactin 867 
— , after insulin 867 
— , after thyroliberin 867 
- , protein 716 
— , interleukin-2 inducing 
716 
- , sex hormone binding 
globulin 137 
- , sex hormones 737 
— , liver diseases 737 
- , sialyltransferase 271 
- , somatotropin 867 
- - , after insulin 867 
— , after thyroliberin 867 
- , standard 99 
— , IFCC 74/1 99 
- , thyroid hormones 737 
- - , liver diseases 737 
- , thyrotropin 755 , 867 
- - , hypothyroidism 755 
, congenital 755 
- - , after insulin 867 
- - , after thyroliberin 867 
- , thyroxine 571 
— , radioimmunoassay 571 
- , t r i iodothyronine 571 
- - , radioimmunoassay 571 
- , urea 423 
— , variation 423 
- , uric acid 3 6 3 , 7 0 2 , 745 
— , age dependency 745 
— , sex dependency 745 
- , valproate 339 
— , gas chromatography 339 
- , valproic acid 497 
— , gas chromatography 497 
- , zinc 712, 713 
— , determination 712 
- - , reference values 713 
, children 713 
sex 
of the child 611 
- - , and ^-glucuronidase 611 
, amniotic fluid 611 
- , plausibility intervals 694 
sex dependency 
uric acid 745 
— , serum 745 
sex-hormone binding globulin 
- , binding capacity 137 
— , in liver cirrhosis 137 
- , and 5a-dihydrotestosterone 
730 
- , and oestradiol 730 
- , and testosterone 730 
sex hormones 
- , serum 737 
— , liver diseases 737 
shock 
- , cardiogenic 675 




- , serum 271 
— , determination 271 
, interferences 271 
significance 
- , laboratory diagnosis 743 
sodium 
- , urine 703 
somatostatin 
- , catabolism 734 
- , radioimmunoassay 734 
- , radioreceptor assay 734 
somatotropin 
- , release 708 
— , in pancreatectomized 
men 708 
, and physical exercise 
708 
- , serum 867 
— , after insulin 867 
- - , after thyroliberin 867 
specifications 
- , analysers 947 
— , guidelines 947 
specificity 78 
spectrometers 
- , specifications 445 
— , listing 445 
spectrophotometry 
- , turbidity 149 
— , influence of 149 
spermidine 
- , determination 157 
spin label method 
- , application in haematology 
648 
spleen 
- , magnesium 257 
spline functions 105 
stability 
- , alanine aminotransferase 
521 
standard 
- , albumin 96 
- , serum 99 
— , IFCC 74/1 99 
standard curve 
- , radioimmunoassay 105 
— , calculation 105 
standardization 
- , radioimmunoassay 659 
standards 855 
statistical methods 69 
statistics 
- , problems 433 
— , in method comparison 
433 
stem cell population 
- , monitoring 648 




— , carcinogenesis 937 
extraction 355 
- , microassays 661 
- , receptor 725 , 726, 727, 
728, 729 
— , determination 725 , 726, 
727, 728, 729 
— , stability 726 
stimulation 
- , hypophysis 867 
stomach 
- , magnesium 257 
streptomycin 
- , and Cortisol 897 
— , blood 897 
, of men 897 
- , and testosterone 897 
— , blood 897 
, of men 897 
streptozotocin 901 
stress 
- , lead elimination 163 
substrates 
- , chromogenic 557, 631 
succinyl-ala-ala-val-4-nitro-
anilide 
- , elastase substrate 699 
sucrose 
- , interference 23 
— , protein pat tern 23 
sulfate 
- , inorganic 651 
— , physical exercise 651 
survey report 
- , bilirubin, total 27 
- - , serum 27 
, neonates 27 
superoxide dismutase 
- , erythrocytes 771 
— , cord blood 771 
- - , maternal 771 
synchronization 
- , cell function 763 
synovial fluid 
- , fibronectin 797 
T-cell receptors 
- , antigen specific 1 
- - , detection 1 
- - , isolation 1 
T-lymphocytes 1 
dTTPase 
- , tumour marker 683 
Tamm-Horsfall glycoprotein 
- , kidney 376 
temperature 
- , enzyme assay 89 
terminology 
- , quality control 69 
testosterone 
- , blood 897 
— , of men 897 
, after rifampicin 897 
, after streptomycin 897 
- , enzyme immunoassay 661 
- , and sex-hormone binding 
globulin 730 
- , urine 741 
— , determination 741 
tetrahydro-/3-carboline 
- , platelets 129 
tetrahydronorharmane 
- , platelets 129 
thin layer chromatography 
- , androgens 117 
- , clobazepam 209 
thin layer chromatography 
- , metanephrine 413 
- , 3-methoxytyramine 413 
- , normetanephrine 413 
- , te trahydronorharmane 129 
thrombocytes 
- , reference values 621 
/3-thromboglobulin 
plasma 656 
— , determination 656 
— , clinical significance 656 
thromboplastic activity 
- , arterial walls 545 
thrombosis 545 
thromboxane 
- , synthesis 708 
— , inhibition by N-acetyl 
neuraminic acid 708 
thyroid 
- , function 909 
— , and cAMP 909 
, plasma 909 
, after glucagon 909 
- , state 737 
— , and HDL-cholesterol 737 
- , hormones 257, 737, 738 
— , diabetogenic action 738 
— , magnesium metabolism 257 
— , serum 7 37 
, liver diseases 737 
thyroliberin 
- , neuroendocrine function 
test 867 
thyrotropin 
- , radioimmunoassay 807 
— , blood spot 807 
- , serum 755 
— , hypothyroidism 755 
, cut-off point 755 
thyroxine 
- , particle counting immuno-
assay 701 
quality control survey 511 
— , external 511 
- , radioimmunoassay 700 
— , separation system 700 
- , serum 571 
- - , radioimmunoassay 571 
tissue 
cAMP 656 
— , receptors 656 
tissue polypeptide antigen 
821 
tocolysis 
- , fenoterol 687 
- , verapamil 687 
transferrin 
- , determination 702 
- , monoferric 563 
— , isolation 563 
transplant rejection 
-, a i-antitrypsin 241 
— , serum 241 
transport 
- , magnesium 257 
Trinder reagent 
- , peroxidase assay 345 
tr i iodothyronine 
- , enzyme immunoassay 718 
- , quali ty control survey 511 
- - , external 511 
- , serum 571 
— , radioimmunoassay 571 
trypanosome 
- , characterization 383 
— , by lectins 383 
trypsin 
- , immunoreactive 763 
— , pancreatic diseases 763 
tuberculosis 
- , t reatment 897 
— , and Cortisol 897 
— , and testosterone 897 
tumour 
- , fucosyltransferase 670 
- , marker 
— , carcinoembryonic antigen 
175 
— , diagnostic significance 
821 
— , dTTPase 683 




- , therapy monitoring 670 
turbidimetry 
- , proteins 245 
— , cerebrospinal fluid 245 
turbidity 
- , interference 149 





- , deproteinization 129 
— , glucose determination 129 
urea 
- , clearance 423 
- , determination 706 
— , kinetic methods 706 
- , physical exercise 651 
- , serum 423 
— , variation 423 
- , urine 423 , 703 
— , variation 423 
uric acid 
- , determination 59 
— , enzymatic 59 
, interference 59 
, SMAC 363 
- , gestosis 749 
- , physical exercise 651 
- , serum 363, 702, 745 
— , age dependency 745 
— , high performance liquid 
chromatography 745 
— , method comparison 702 
— , sex dependency 745 
urine 
- , N-acetyH3-D-glucos-
aminidase 53, 687 
— , under amikacin therapy 
687 
— , under cisplatin therapy 
687 
— , determination 53 
, value, diagnostic 53 
- , adrenalin 567 
- , alanine aminopeptidase 687 
— , under amikacin therapy 
687 
— , under cisplatin therapy 
687 
- , aldosterone 742 
- , analysis 703 
— , Astra-8 Analyzer 703 
- , ascorbic acid 715 
— , determination 715 
, isotachophoresis 715 
- , ATP 686 
— , bioluminescence assay 686 
- , C-peptide 313 
- , cefotaxime 719 
- , chloride 703 
- , clobazepam 209 
urine 
- , c o p p e r 713 
— , reference values 713 
, children 713 
- , creatinine 385 , 4 2 3 , 703 
— , determinat ion 385 
— , variation 4 2 3 
- , dehydroepiandrosterone 741 
- , desacetylcefotaxime 719 
- , dopamine 567 
- , enzymes 686 
— , kidney damage 686 
-,grücose 275, 703 
- , 18-hydroxycort icosterone 
742 
- , hydroxylysyl glycosides 
287 
- , hydroxyprol ine 287 
- , insulin 313 
- , kallikrein 395 
— , radioimmunoassay 395 
- , maltase 685 
- , 3-methoxy-4-hydroxy-
phenylglycol 5 7 9 
- - , gas chromatography 579 
- , Nl -methyl adenosine 696 
- , N7-methyl guanosine 696 
- , 3N-methylhistidine 755 
— , muscle catabolism 755 
- , noradrenalin 567 
- , oestrogens 731 
— , method comparison 731 
- , orotic acid 293 
- , peptide hormones 731 
- - , separation 731 
- , polyamines 157, 698 
- , potassium 703 
- , progesterone 355 
— , pregnancy 355 
- , proinsulin 313 
- , proteins 53 
— , disc electrophoresis 53 
, value, diagnostic 53 
- , protein, total 697 
- , sodium 703 
- , testosterone 741 
- , urea 423 , 703 
— , variation 423 
- , urokinase 557 
- , zinc 713 
— , reference values 713 
, children 713 
urokinase 
- , urine 557 
valproate 
- , serum 339 
— , gas chromatography 339 
valproic acid 
- , gas chromatography 497 
value, diagnostic 
- , N-acetylglucosaminidase 53 
— , urine 53 
- , clinical-chemical tests 743 
- , disc electrophoresis 53 
— , proteins 53 
, urine 53 
values 
- , assigned 4 6 1 , 855 
— , definition 461 
- , designated 855 
- , reference m e t h o d 461 
variation 
- , circadian 740 
— , adrenal steroid hormones 
740 
, plasma 740 
— , corticotropin 740 
, plasma 740 
Variation 
- , diurnal 740 
- - , Cortisol 740 
, plasma 740 
, free 740 
, total 740 
- , episodic 740 
— , adrenal steroid hor-
mones 740 
, plasma 740 
- - , corticotropin 740 
, plasma 740 
longitudinal 423 
- - , creatinine 423 
, serum 423 
variation 
- , protein 744 
— , plasma 744 
verapamil 




- , leukaemia t reatment 
690 
— , ATP 690 
vincristin 
leukaemia t reatment 
690 





- , reference values 621 
water 
- , heavy 684, 747 
— , organ preservation 747 
— , protein stabilization 684 
zinc 
- , excretion 713 
zinc 
— , in rat bile 713 
, and glutathione deple-
tion 713 
, and paracetamol 713 
, and penicillamine 713 
- , serum 712 
— , determination 712 
, a tomic absorption 
spectrometry 712 
, reference values 713 
, children 713 
- , urine 713 
— , reference values 713 
, children 713 
Gärtner, Kewenig, Horn and Scriba: T 4 and T 3 radioimmunoassay in unextracted serum at extreme pH ranges 571 
J. Clin. Chem. Clin. Biochem. 
Vol. 18, 1980, pp . 5 7 1 - 5 7 7 
A New Pr inciple of Thy rox ine ( T 4 ) and Tr i iodothyron ine ( T 3 ) Rad io immunoassay 
in Unextrac ted Serum Using Ant isera wi th Binding Opt ima at Ex t r eme pH Ranges 1 ) 
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Summary: Thyroxine (T4) or triiodothyronine (T3) was covalently linked to bovine thyroglobulin (bTg) in a molar 
ratio of 25:1 (T4:bTg) or 30:1 (T3:bTg) using a water-soluble carbodiimide. The conjugates of T4-bTg and T3-bTg 
were used for immunisation of rabbits. After 6 booster-injections all rabbits immunized with T4-bTg had antibody 
titers from 1:4000 or 1:8000, whereas the rabbits vaccinated with T3-bTg had titers from 1:10000 to 1:40000. Two 
of the T4-antisera revealed maximal T4-binding between pH 3.8 and 4.2 with affinity constants of 7.8 X 109 1/mol 
and 6.0 X 109 1/mol. With these two antisera a simple, rapid, protein-independent T 4 radioimmunoassay at pH 4.0 in 
unextracted serum was established without using thyroxine binding globulin blocking agents. Precision of the T4 
radioimmunoassay is documented by an interassay coefficient of variation (CV) calculated from 10 different assays 
of 5.7% at a mean T4 concentration of 43 jug/1 T 4 , 3.5 % at 76 /zg/1 T 4 and 6.4% at 165 /ig/1 T 4 . The intra-assay CV 
was calculated to be 3.7%, 2.8% and 4.7% at these concentrations. Accuracy of the T4-RIA is documented by identi-
cal standard curves when T4 standards were diluted in 1 g/1 human serum albumin in phosphate buffer, in 40 g/1 human 
serum albumin in phosphate buffer, or in T4-free serum, and by recovery studies and dilution curves of hyperthyroid 
patients. 
Three T 3 antisera with an optimal binding of T3 at pH 4 and three T 3 antisera with a pH optimum in the pH range 
from 8.5 to 10.0 were obtained. A thyroxine binding globulin independent radioimmunoassay for T3 could be 
established at pH 9.2 after thyroxine binding globulin in unextracted serum had been denaturated with 0.1 mol/1 
NaOH. The precision of this T3 radioimmunoassay is documented by an inter-assay CV (n = 20) of 8.6% at a T 3 con-
centration of 0.91 /zg/1 T 3 , 8.5% at a T3 concentration of 1.720 /ig/1 T 3 and 5.8% at 4.150 jtzg/1 T 3 . The intra-assay 
CV calculated from 10 determinations was 5.8%, 3.1% and 3.4% at these T 3 concentrations. Accuracy of the T3-RIA 
is documented by recovery studies, serum dilution curves and identical T 3 calibration curves, when T 3 standards 
were diluted either in 40 g/1 human serum albumin in phosphate buffer or in T3-free human serum. 
Ein neues Prinzip für den Radioimmunassay von Thyroxin (T4) und Triiodthyronin (T3) 
im nicht extrahierten Serum: Verwendung von Antiseren mit Bindungsoptima bei extremen pH-Bereichen 
Zusammenfassung: Mit wasserlöslichem Carbodiimid wurde sowohl T 3 als auch T 4 kovalent an Rinder-Thyroglobulin 
(bTg) in einem Verhältnis von 25:1 (T4:bTg) bzw. 30:1 (T3:bTg) gekoppelt. Mit diesen Konjugaten wurden je 6 Ka-
ninchen immunisiert. Nach 6 Boosterungen im Abstand von 14 Tagen hatten die Kaninchen, die mit T4-bTg immuni-
siert wurden, ausreichende Antikörper-Titer von 1:4000 bzw. 1:8000, die mit T3-bTg immunisierten Kaninchen Anti-
körper-Titer von 1:10000 bzw. 1:40000. Zwei der T4-Antiseren zeigten eine maximale T4-Bindung im pH-Bereich 
von pH 3,8 bis pH 4,2 mit Assoziationskonstanten von 7,8 X 109 1/mol bzw. 6,0 X 109 1/mol. Mit diesen beiden T4-
Antikörpern konnte ein einfacher, schneller, Protein-unabhängiger T4-RIA bei pH 4,0 im unextrahierten Serum ohne 
Einsatz von Thyroxin bindendes Globulin blockierenden Substanzen aufgebaut werden. Die Präzision dieses ^ -Radio-
immunoassays konnte mit einem Interassay-Variationskoeffizienten, berechnet aus 10 verschiedenen Bestimmungen 
von 5,7% bei einer T4-Konzentration von 43 jtig/1 T 4 , 3,5% bei 76 /jg/1 T4 und 6,4% bei 175 /ig/1 T4 aufgezeigt wer-
den. Der Intraassay-Variationskoeffizient, berechnet aus Zehnfach-Bestimmungen, betrug 3,7%, 2,8% und 4,7% bei 
diesen T4-Konzentrationen. Identische T4-Standardkurven wurden erhalten, wenn die T4-Standards entweder in 1 g/1 
Humanserumalbumin in Phosphatpuffer, 40 g/1 Humanserumalbumin in Phosphatpuffer oder T4-freiem Serum ge-
löst waren. Damit wurde die Richtigkeit des T4-RIA ebenso bewiesen, wie mit Wiederfindekurven und Serumverdün-
nungskurven, die jeweils auf der Standardkurve lagen. 
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Wir erhielten drei T3-Antiseren mit einem Bindungsoptimum bei pH 4,0 und drei T3-Antiseren mit einem Bindungs-
optimum im Bereich von pH 8,5 bis pH 10,0. Wir konnten einen T3-RIA im unextrahierten Serum nach vorheriger 
Denaturierung von Thyroxin bindendem Globulin mit 0,1 mol/1 NaOH und anschließender Inkubation bei pH 9,2 
aufbauen. Die Präzision des T3-RIA konnte mit einem Interassay-Variationskoeffizienten (n = 20) von 8,6% bei 
einer T3-Konzentration von 0,91 Mg/1 T3 , 8,5% bei einer T3-Konzentration von 1,72 /ig/1 T3 und 5,8% bei 4,15 jug/1 
T3 gezeigt werden. Der Intraassay-Variationskoeffizient, berechnet aus Zehnfach-BeStimmungen, betrug 5,8%, 3.1% 
und 3.4% bei den obengenannten T3-Konzentrationen. Die Richtigkeit des T3-RIA wurde mit Wiederfindekurven, 
Serumverdünnungskurven und identischen T3-Standardkurven, wobei T3-Standards entweder in 40 g/1 Humanserum-
albumin in Phosphatpuffer oder T3-freiem Serum gelöst waren, bewiesen. 
Introduction 
The difficulties in radioimmunological determination of 
thyroxine (T4) and triiodothyronine (T3) in serum are 
mainly due to the binding of thyroid hormones to 
specific transport proteins in serum, mainly thyroxine 
binding globulin (TBG) (1), because the affinity con-
stants of TBG to the thyroid hormones are often in the 
same order of magnitude as those of the antisera used 
(2). In recent years many modifications to radio-
immunological determinations of thyroid hormones in 
serum have been published (3, 4, 5, 6). These have all 
been based upon two principles, using either the some-
what tedious procedure of extraction of T 4 and T 3 
from human serum (7) or the more simple method, 
working with so-called TBG blocking agents mainly 
8-anilino-l-naphthalene sulphonic acid (8, 9, 10, 11). 
These TBG blocking agents, however, also interact 
with the antisera used in the T3 and T4 assay (12), 
thus rendering this procedure inaccurate, because of 
varying TBG concentrations in serum. By modification 
of the immunisation technique we obtained antisera 
with binding optima for the thyroid hormones at acid 
or alkaline pH ranges. With these antisera a new type of 
T4 and T3 radioimmunoassay in unextracted serum 
could be established without the use of TBG blocking 
agents. Both radioimmunoassays are independent of 
endogenous TBG concentrations. 
Materials and Methods 
Reagents 
Highly purified L-thyroxine (T 4 ) , 3,5,3 'L-tri iodothyronine ( T 3 ) , 
5,3' ,5 '-tri iodothyronine ( rT 3 ) and te t raiodothyroacet ic acid 
were a gift from the Henning GmbH Berlin. 3,5-diiodotyrosine, 
3-monoiodotyrosine, 3,5-diiodothyronine and 3',5'-diiodo-
thyronihe were from the Fluka AG, Switzerland, bovine thyro-
globulin and hydroxylamine from Sigma Chemicals Co., St. 
Louis, USA, donkey anti-rabbit-gamma-globulin precipitating 
serum (second antibody) from Wellcome Research Laboratories, 
Beckenham, England. Complete Freund's adjuvant, diphtheria-
pertussis-tetanus (DPT)-vaccine and human serum albumin 
from Behring AG, Frankfurt , Germany. Anion exchange 
cellulose (DE 32) were from Whatman Ltd., Springfield Mill 
Maidstone, England. All other reagents were p. a. substances 
from Merck AG, Darmstadt , Germany. 
1 2 5 I - T 4 (specific activity about 3.7 TBq/g (100 Ci/g) was from 
Hoechst AG, Frankfurt , Germany, and was diluted either in 
0.15 mol/1 NaCl or in 0.1 mol/1 HCl each containing 200 ml/1 
propylene glycol. 
1 2 5 I - T 3 (specific activity of about 18.5 TBq/g = 500 Ci/g) was 
also from Hoechst AG, Frankfurt, Germany. It was diluted in 
0,05 mol/1 phosphate buffer containing 1 g/1 human serum 
albumin. 
T4-free serum was pooled from thyroidectomized patients 
treated longterm with thyrotropin suppressive doses of T 3 . T 3 -
free serum was prepared by additional extraction with charcoal. 
Preparation ofT4 and T 3 conjugates for immunisation 
1 /umol of T 4 was dissolved in 100 jul of 0.1 mol/1 NaOH and 
50 Ml dioxan, then 100 ul l 2 5 I - T 4 (about 20,000 counts/min) 
purified by Sephadex G-25 chromatography (13), 15 mg bovine 
thyroglobulin dissolved in 300 ul 0.1 mol/1 phosphate buffer 
pH 5.0 and 100 ul of 0.1 mol water soluble l-ethyl-3-(3 di-
methylaminopropyl) carbodiimide for covalent binding of T 4 
to bovine thyroglobulin were added. After an incubation time 
of 24 hours at room temperature, the reaction was stopped by 
addition of 100 ul 0.1 mol/1 hydroxylamine (14). The amount 
of T 4 linked covalently to bovine thyroglobulin (bTg) was 
calculated from the incorporation of the tracer amount of radio-
activity into bTg after dialysis of the solution in a collodium 
bag (Sartorius Membranfilter GmbH, Göttingen, FRG) . The 
molar ratio estimated was about 25:1 (T 4 :bTg) . T3-bTg con-
jugate was obtained by an analogous procedure, the amount 
of T 3 incorporated to bovine thyroglobulin being approxi-
mately 30 mol T 3 per mol of bovine thyroglobulin. 
Immunisation of rabbits 
The conjugates of T4-bTg and T3-bTg were each dissolved in 
3 ml 0.15 mol/1 NaCl and emulsified with 2 ml of Freund 's 
complete adjuvant. These emulsions were each divided among 
6 rabbits both for T4-bTg and T3-bTg. Sixty to eighty 
intradermal injections were made into the backs of the rabbits 
according to the method of Vaitikaitis (15). Each rabbit 
received a total of 0.8 ml of the emulsion, containing 2.5 mg 
bTg conjugate. In addition, diphtheria-pertussis-tetanus (DPT)-
vaccine, 0.25 ml per rabbit, was injected at a separate site with 
the first two boosters. Injections were given at two week inter-
vals. After the sixth booster the antibodies were harvested. 
Precipitation procedures of antibody-bound thyroid hormones 
for radioimmunoassay 
Precipitation of ant ibody-bound T 4 or T 3 for testing ant ibody 
titer at a physiological pH-range was performed with poly-
ethylene glycol (MT 6,000) (16). Polyethylene glycol (250 g) 
was dissolved in 1000 ml of 0.05 mol/1 phosphate buffer 
pH 8.6. After incubation of 100 jul antiserum dilution with 
100 ul of T4- tracer (or T3- t racer) , 100 jul of 1 g/1 bovine gamma-
globulin in 0.15 mol/1 NaCl and 300 jul of the 250 g/1 poly-
ethylene glycol solution were added. After vortexing, the tubes 
were centrifuged at 2000 # for 15 min, the supernatant 
aspirated off and the precipitate counted for radioactivity. 
Because this precipitation method with polyethylene glycol only 
acts in the neutral pH range (16) and in addition is not specific 
for rabbit gamma-globulin, the precipitation of antibodies bo th 
at different pH ranges and also for radioimmunoassay was 
performed with a precipitating anti-rabbit-gamma-globulin 
donkey serum (second ant ibody) (17). This second antibody 
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reacts preferably at neutra l pH range with specific rabbit anti-
serum, but it does not dissociate within 24 hours at either pH 3.0 
or 11.0 when preincubated at pH 7.4 with the specific antiserum. 
Binding characteristics of the T 4 and T 3 antisera, which were 
tested in preliminary experiments, did not change by preincuba-
tion with the precipitating antibody. The solution of the complex 
at pH 7.4 is stable for at least 14 days at 4 °C in 0.15 mo 1/1 
NaCl. 
Titration of the antisera 
Antibody titer was calculated from a radioimmunological 
system at pH 7.4 in phosphate buffer 50 mmol/1. For T4-anti-
sera t i tration, 100 jul of 1 2 5 I - T 4 containing a total of 0.25 pg T 4 
diluted in 0.25 moi/ i NaCl containing 200 ml/1 propylene 
glycol was added to 100 M1 antiserum dilution in 1 g/1 human 
serum albumin in phosphate buffer. After an overnight incuba-
tion, separation of ant ibody-bound and free hormone was per-
formed with polyethylene glycol. For T3-antisera, 100 ß\ 
1 2 5 I - T 3 containing a total of 0.05 pg T 3 dissolved in 1 g/1 
human serum albumin in phosphate buffer, was added to 100 ßl 
of T3-antiserum dilution in 1 g/1 human serum albumin in 
phosphate buffer. The ant ibody-bound and free hormone 
separation was performed with polyethylene glycol after an 
overnight incubation. Ant ibody titer was defined as the anti-
serum dilution added per tube which precipitated 5 0 % of radio-
activity added per tube. 
pH-dependency of antibody binding with thyroid hormones 
The antisera obtained were tested over a pH-range from pH 3 to 
11 for their maximal tracer binding. The antiserum dilution was 
used which gave 50% tracer binding at pH 7.5. The following 
incubation scheme was used: 
300 jul of a buffer solution were added to 100 n\ of 1 2 5 I - T 4 and 
100 M1 of antiserum dilution preincubated with second anti-
body, each diluted in 0.15 mol/1 NaCl. For the different pH 
values, 0.1 mol/1 citrate buffer was used for pH 3.0 to 7.0, 
0.1 mol/1 tris-HCl-buffer for pH 7.5 to 9.0 and 0.1 mol/1 glycine-
NaOH buffer for pH 9.5 to 11.0. For unspecific binding (N) 
normal rabbit serum instead of specific antiserum was pre-
incubated with second ant ibody. After an incubation time of 
24 hours, when all of the antisera were in equilibrium, the tubes 
were centrifuged, the precipitate washed with 1 ml 0.15 mol/1 
NaCl and then counted for radioactivity. 
Calculation of affinity constants 
Affinity constants (K a ) of T 4 and T 3 antisera at the different 
pH-values were calculated from the calibration standard curves 
by Scat chard analysis (18) . The T4-s tandards in the range from 
15 to 480 Mg/1 and the T3-s tandards in the range from 0.25 to 
8 Mg/1 were dissolved either in 1 g/1 human serum albumin in 
phosphate buffer, 40 g/1 human serum albumin in phosphate 
buffer or T 4 - and T3-free human serum. 
Results 
The pH-dependency of thyroid hormone binding 
of the T4 and T3 antisera 
The six rabbits immunised with T4-bTg conjugate 
developed antibody titers from 1:4000 to 1:8000 after 
6 booster injections within 15 weeks. The 6 rabbits 
vaccinated with T3-bTg conjugate showed titers from 
1:10,000 to 1:40,000. 
In respect to maximal T4-tracer binding dependent on 
the pH of incubation buffer, the antisera could be 
divided into three groups (fig. 1). Two antisera (T4-K4 
and T4-K6) demonstrated an optimal binding between 
pH 3.8 and 4.2, the antisera T4-K3 and T4-K8 had an 
optimum between pH 9 and 10, whereas the last group 
(T4-K5 and T4-K7) had no definite binding maximum 
in the pH range tested. 
The T4-antiserum T4-K5 could be separated on a DE-32 
column ( 1 0 X 2 cm) into two gamma-globulin fractions 
using a linear gradient from 0.01 to 0.2 mol/1 tris-phos-
phate buffer pH 8.2. One of the fractions bound most 
of the T4-tracer at pH 4.0 whereas the other bound most 
of the T4-tracer at pH 8.6 to pH 10.0 (fig. lc). 
In contrast to the T4-antisera, none of the T3-antisera 
had such a distinct pH dependency. Three of them 
showed a slight pH-optimum at pH 4, but up to pH 10 
the binding of T3 only fell slightly (to about 85%, 
taking binding at pH 4.0 as 100%). The remaining three 
antisera showed the opposite effect, binding maximally 
at pHlO. 
Like the T4-antiserum T4-K5, one of the T3-antisera 
could be separated by DE-32 anion exchange chromato-
graphy into two antibody peaks, one with a prominent 
binding at pH 4, and the other at pH 9.0. 
3 4 5 6 7 8 9 10 11 12 
pH 
Fig. 1. Dependency of T 4 tracer binding of the T 4 antisera upon 
the values of the incubation medium. The maximal T 4 
binding ( B m a x - N) of the antisera in group A was found 
to be in the range from pH 3.8 to pH 4.2, in group B from 
pH 9.0 to pH 10.0. Antisera of group C showed no clear 
cut pH dependency, however when the antiserum T4-Ks 
was fractionated on a DE-32 column into two ant ibody 
fractions, in fraction I the maximal binding of T 4 tracer 
was found at pH 4.0, whereas fraction II had an opt imal 
binding in the range from pH 8.6 to pH 10.0. 
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Affinity constants ofT4 and T3 antisera 
The affinity constants (Ka) of T 4 antisera to T4 and of 
T 3 antisera to T3 , respectively, were, as expected, highest 
in the pH range with maximal tracer binding (tab. 1). 
The highest Ka of the T 3 antisera (T3-K9, T3-K12, T3-
K1 3) with optimal binding between pH 8.0 and pH 9.5 
were estimated to be 5 X 109 1/mol, 2 X 1010 1/mol 
and 6.5 X 109 1/mol respectively. The three antisera 
which bound maximally at pH 4.0 had affinity constants 
at this pH of 8.5 X 108 1/mol, 1 X 1010 1/mol and 1 X 
109 1/mol. 
Tab. 1. Dependency of the affinity constants (K a ) of four T 4 
antisera upon the pH of the incubation buffer. 
Antiserum pH 4.0 p H 7 . 4 pH 10.0 
K a (1/mol) K a (1/mol) K a (1/mol) 
T 4 - K 4 7.8 X 10 9 4 X 10 7 2 X 105 
T 4 -K 6 6.0 X 10 9 2X 10 7 1 X 10 s 
T 4 - K 3 1.0 X 10 6 2X 10 7 2 X 109 
T 4 -K 8 2.0 X 10 s 8X 10 6 3.5 X 109 
Specifity of T4 and T3 antisera 
The two T4 antisera, T4-K4 and T4-K6, with binding 
optima at pH 4.0, and one T 3 antiserum, T3-K12, with 
an alkaline pH optimum, later used for a routine radio-
immunoassay, were tested for crossreactivity with 
thyronine analogues, diluted in 1 g/1 human serum 
albumin in phosphate buffer. As summarized in table 2 
these antisera revealed high specifity. 
Tab. 2. Crossreactivity of two T 4 antisera ( T 4 - K 4 and T4 - K $ ) 
and T 3 antiserum ( T 3 - K n ) with thyronine derivates. 
The crossreactivity of the two T 4 antisera was found to 
be identical. 
Compound Crossreactivity 
in T4 - R I A in T 3 -RIA 
(%) (%) 
//-Thyroxine 100 0.001 
^-Tri iodothyronine 0.1 100 
Reverse tr i iodothyronine 3 0.003 
Tetraiodothyroacetic acid 12 0.01 
Diiodotyrosine 0.3 0.4 
Monoidotyrosine 0.001 0.002 
3' ,5 '-Diiodothyronine 0.04 0.0004 
T^radioimmunoassay in unextracted serum 
Using these T4-antisera with optimal binding at pH 4.0, 
a radioimmunoassay for routine purposes with 10 jul 
unextracted serum per incubation tube at this acid pH 
was developed without using TBG blocking reagents. The 
incubation schedule is summarized in table 3. Because of 
the high concentration of T4 , the antiserum dilution had 
to be only 1:800 per tube using 10 jul serum (calibration 
standard) to give a sensitive standard curve with a 50%-
intercept at about 60 Mg/1 T 4 . 
Tab. 3 . Incubation scheme of the T4 - R I A . 
10 /ul T 4 calibration standard (from 15 jug/l T 4 to 480 jug/1 T 4 ) 
in 0.05 mol/1 phosphate buffer pH 7.4 containing 40 g/1 human 
serum albumin 
or 10 M1 serum 
200 M1 1 2 5 I - T 4 in 0.1 mol/1 sodium citrate buffer 
pH 3.8 containing 200 ml/1 propylene glycol 
100 ßl T 4 antiserum (1:800) preincubated with second antibody 
(1:24) , both diluted in 0.15 mol/1 NaCl. 
After an incubation time of 2 hours, when the reaction 
was at equilibrium, tubes were centrifuged for 10 min 
at 2000g, the precipitate washed with 1 ml of 0.15 mol/1 
NaCl and after a further centrifugation the precipitate 
was counted for radioactivity. Calibration curves were 
calculated by spline function (19). 
Quality control of T^radioimmunoassay 
Precision of this assay is documented by the data 
summarized in table 4. Accuracy of T4-radioimmuno-
assay was shown by independency of different protein 
contents of the samples: Identical standard curves were 
found when T4-standards were diluted either in 1 g/1 
human serum albumin in phosphate buffer, 40 g/1 human 
serum albumin in phosphate buffer or T4-free human 
serum with a thyroxine binding globulin concentration 
of 18 mg/1 (fig. 2). Furthermore, when sera of five 
hyperthyroid patients were diluted in 1 g/1 human 
serum albumin in phosphate buffer, the T4-values 
were on the standard curve (fig. 3). The recovery of a 
T4-standard (80 Mg/1) added to normal sera (n = 10) 
was found to be 98%. Total serum T4-values deter-
mined in this radioimmunoassay (n = 32) of sera with 
different thyroxine binding globulin concentrations 
from 2.5 to 68 mg/1 were found to be identical (r = 
0.985; n = 32) when compared with T4-concentrations 
determined by competitive protein binding analysis. In 
the latter method T4 is extracted quantitatively from sera 
with simultaneous chromatography on alkaline Sephadex 
G-25 columns (7). The normal range of ^-concentra-
tion in sera of 144 euthyroid patients was calculated to 
be 45 /ig/1 to 100 /ig/1 and is identical with the normal 
range of total T4 which was determined by competitive 
protein binding analysis (7). 
Tab. 4. Inter- and intraassay coefficient of variation (CV) of the 
T4 - R I A at three different T 4 concentrations in serum 
(n = 10). 
T 4 concentration Interassay Intraassay 
(Mg/D CV (%) CV (%) 
43 5.7 3.7 
76 3.5 2.8 
165 6.4 4.7 
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Tab. 5. Incubat ion scheme of the T 3 -RIA. 
10 50 100 
Thyroxine lug/l] 
500 
Fig. 2. T 4 calibration curves calculated from Spline function. T 4 standards were either diluted in 1 g/1 human serum albumin 
in phosphate buffer ( ), 40 g/1 human serum albumin 
in phosphate buffer ( ) or T4-free human serum 
( ) with the thyroxine binding globulin concentrat ion 
of 18mg/ l . 
50 100 150 
Thyroxine (RIA, found) t/ig/U 
Fig. 3. Serum dilution curves. Sera of five hyperthyroid patients were diluted in a ratio of 1:2, 1:4, 1:8 with 1 g/1 human 
serum albumin in phosphate buffer. T 4 values obtained 
from the T 4 -RIA were identical to the calculated T 4 
values (n = 20, r = 0.998, A = 0.0194, B = 995) . 
y = - 0 .0194 + 0.995 x, r = 0.998. 
TyRIA in unextracted serum 
With the 3 antisera with a optimum of T 3 binding at 
pH 4.0 a T3-radioimmunoassay was attempted along the 
lines of the T4-radioimmunoassay. These T3-antibodies 
25 Ml T 3 calibration standard (from 0.25 Mg/1 T 3 to 8.00 Mg/1 
T 3 in 40 g/1 human serum albumin in phosphate buffer. 
or 25 M1 serum 
200 M1 0.1 mol/1 NaOH incubation for at least 5 min 
100 Ml 1 0 5 mol/1 glycine-NaCl 
100 M1 1 2 5 I - T 3 in 1 g/1 human serum albumin in phosphate buffer 
100 M1 T 3 antiserum (1:32 000) preincubated with second anti-
body (1:24) bo th diluted in 0.15 mol/1 NaCl. 
were found to bind T 3 related to the different protein 
concentrations in the samples, as evidenced by serum 
dilution curves and the recovery of T3-standards added 
to different sera. However, using the T3-antisera with 
optimal binding at alkaline pH, a specific T3-radio-
immunoassay in unextracted serum could be estab-
lished. The procedure is shown in table 5. Thyroxine 
binding globulin in serum is denaturated completely in 
0.1 mol/1 NaOH within 5 min at room temperature 
(20); the pH is then adjusted to 9.2 with 1.05 mol/1 
glycine-NaCl. Preincubated antiserum with the second 
antibody and the T3-tracer was then added. After an 
incubation time of 4 hours the reaction was in equi-
librium and the tubes were centrifuged for 10 min at 
approximately 2000 Standard curves and serum 
concentrations of T 3 were calculated by Spline function 
(19). 
Quality control of the T3-radioimmunoassay 
The precision of the T3-radioimmunoassay is documented 
by the data summarized in table 6. Accuracy of the assay 
is hown by identical standard curves, when T3-standards 
were either deluted in 40 g/1 human serum albumin in 
phosphate buffer or T3-free serum with a thyroxine binding 
globulin concentration of 18 mg/1 (fig. 4). Furthermore, 
when a T3-standard (1.0 ßg/\ T3 in 1 g/1 human serum 
albumin in phosphate buffer) was added to human sera 
with different thyroxine binding globulin concentrations 
(from 9 mg/1 to 23 mg/1) and different endogenous T3-
levels, the recovery was 100% (n = 37; r = 0.9985) 
(fig. 5). When sera of 5 hypertyhroid patients were diluted 
with 1 g/1 human serum albumin in phosphate buffer, the 
T3-concentrations were on the standard curve. The 
normal range of the T3-concentration in sera of 144 
euthyroid patients was calculated to be 0.8 /ig/1 to 
1.6 Mg/1. 
Tab. 6. Inter- and intraassay coefficient of variation (CV) of the 
T 3 -RIA at three different T 3 concentrations in serum 
(n = 20). 
T 3 concentration Interassay Intraassay 
(Mg/D CV(%) CV (%) 
0.910 8.6 5.8 
1.720 8.5 3.1 
4 .150 5.8 3.4 
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0.05 0.1 0.5 1 5 10 
Triiodothyronine l/ig/U 
Fig. 4. T 3 calibration curves calculated from Spline function. T 3 
standards were either diluted in 40 g/1 human serum 
albumin in phosphate buffer ( ), or T3-free human 
serum with a thyroxine binding globulin concentrat ion of 
18 mg/1 ( ). 
V 1 1 I I I ^ 
0,75 1.5 3 6 
Triiodothyronine (RIA, found) i/ig/l] 
Fig. 5. Recovery study of a T 3 standard added to different 
human sera. 
A T 3 standard (0.1 Mg/1 T 3 in 1 g/1 human serum albumin 
in phosphate buffer) was added to 37 sera with different 
thyroxine binding globulin concentrations from 2.5 to 
68 mg/1. The recovery was 100% (n = 37; r = 0 .9985, 
A = 9.157, B = 0.958). 
r = 0 .9985, A = 9.157, B = 0.958 
Discussion 
Thyroglobulin is known to be a very suitable antigen for 
the production of specific antisera for linked haptens 
(14). Immunisation with isolated thyroglobulin which 
physiologically contains covalently bound T 4 and T 3 
resulted in low titered T4 and T3 antisera (21). This 
study has demonstrated that monospecific antisera with 
sufficient titers can be obtained by immunisation with 
thyroglobulin enriched with covalently bound exogenous 
T4 or T3 respectively. Some of these antisera demon-
strated the ability to bind the antigens with high affinity 
constants at either acidic of alkaline pH. This phenom-
enon may be explained by the mode of immunisation, 
using a high content of haptens coupled to a large glyco-
protein molecule, in this case thyroglobulin, and short 
interval boosters resulting in multiclonal antibodies with 
different characteristics. The distribution of the antibody 
populations may vary widely in each of the inoculated 
animals. The individual selection of antibody clones with 
pronounced pH dependency was more distinct in the 
rabbits immunized with T4/bTg conjugate compared 
with those immunized with the T3-bTg conjugate. 
Until now, T4 and T 3 radioimmunoassay in unextracted 
serum could be only performed by using thyroxine 
binding globulin blocking agents such as 8-anilino-l-
naphthalene sulphonic acid and merthiolate (6). These 
agents showed a displacement of T4 and T3 not only 
from thyroxine binding globulin but also from the anti-
bodies (12), therefore the accuracy of these assays may 
be influenced by the differences in endogenous thy-
roxine binding globulin concentrations in the serum 
samples. 
As demonstrated in the last external quality control 
survey (20) compared to the survey in 1976 (21), the 
quality of T4-RIA kits has been improved. However, 
using two commercial T4-RIA kits (Gamma Coat, 
Travenol and 125I-T4-RIA, Poemix, Biosigma) and 
sera containing diminished thyroxine binding globulin 
(TBG) levels, we found high T4 concentrations with 
elevated T4/TBG ratios, which disagreed with clinical 
findings and thyroliberin stimulation tests. Therefore 
dilutions of sera with elevated, normal and diminished 
thyroxine binding globulin were made from the T4-free 
serum provided with the kits. Whereas T4 dilution curves 
of sera with normal and elevated thyroxine binding 
globulin levels yielded satisfactory results, the sera of 
patients with diminished thyroxine binding globulin 
levels gave inaccurate T4 dilution curves (tab. 7). This 
Tab. 7. Determination of total T 4 in sera with different 
thyroxine binding globulin (TBG) levels undiluted and in 
dilutions with T4-free serum, using two commercial 
T 4 -RIA kits (kit A: Gamma Coat, Travenol, kit B: 
1 2 5 I -T 4 -RIA-Poemix, Biosigma). 
Elevated Normal Dininished 
TBG levels (mg/1) 39 34 20 19 4 6 
T 4 undiluted 185 168 102 116 61 30 
Kit A (Mg/D 1:2 111 93 56 62 18 35 
1:4 63 49 36 38 18 22 
T 4 undiluted 201 172 95 115 52 21 
Kit B (Mg/0 1:2 102 93 49 54 14 30 
1:4 60 48 31 32 12 19 
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demonstrates dependence of T4 analytical results on the 
endogenous thyroxine binding globulin levels in these 
methods. As demonstrated by Gershengorn et al. (20), 
thyroxine binding globulin irreversibly changes its 
tertiary structure at a pH lower than pH 4.5 and above 
pH 11.5, and the ability to bind thyroid hormone is 
lost. With the availability of T 4 antibodies with a 
binding optimum at pH 4.0, a simple, specific and 
protein-independent radioimmunoassay could be 
established, because the endogenous T 4 binding proteins 
showed no influence on T4 antibody binding in this pH 
range. This is documented by identical standard curves 
of T 4 diluted either in 1 g/1 human serum albumin in 
phosphate buffer, 40 g/1 human serum albumin in phos-
phate buffer or T4-free human serum with the endo-
genous thyroxine binding globulin concentrations of 
18 mg/1 thyroxine binding globulin, by recovery studies 
and by dilution curves of sera with different thyroxine 
binding globulin concentrations. 
In rabbits, the selection of T 3 antibodies with a binding 
optimum in an acid pH range was less pronounced 
compared with the T 4 antisera. A T3 radioimmunoassay 
in unextracted sera at pH 4.0 according to the T4-RIA 
without prior separation of the T3-antibody populations 
by anion exchange chromatography, did not fulfill criteria 
of accuracy. However, using the T 3 antisera with alkaline 
binding optimum, a thyroxine binding globulin inde-
pendent T 3 radioimmunoassay could be established with-
out thyroxine binding globulin blocking agents, after a 
prior denaturation of thyroxine binding globulin with 
0.1 mol/1 NaOH. 
Preincubation of the specific antibody with precipitating 
antibody (second antibody) did not influence the charac-
teristics of the specific antibody. This procedure is 
necessary when the radioimmunoassay is performed at 
extreme pH ranges where the second antibody does not 
bind the specific antibody; it also represents a simplifica-
tion of the assay procedure. 
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